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I. INTRODUCTION

52
Atrial fibrillation (AF) requires a triggering mechanism and a cardiac substrate that allows the 53 perpetuation of the reentrant activity (13). Studies have shown that in paroxysmal AF, the arrhythmia is 54 hierarchically maintained by a limited number of regions preferentially located at the pulmonary veins
55
(PV) that can be eliminated by means of targeted radiofrequency ablation (3, 4, 11) . However, in chronic
56
AF patients more extensive ablation strategies are needed to restore sinus rhythm. It is believed that this is 57 a consequence of tissue remodeling in the atrium (7). Specifically, remodeling refers to changes in atrial 58 tissue structural and electrophysiologic properties following periods of sustained AF (30).
59
The evaluation of antiarrhythmic treatments which can mitigate or reverse the effects of remodeling and 
71
In the present study, we analyzed the mechanisms of rotor dynamics that promote increased fibrillation 72 complexity and related them to electrophysiological remodeling and structural inhomogeneities arising 73 from sustained in vitro arrhythmia. Finally, we tested the hypothesis that a reduction the in rotor core 74 excitability would increase their meandering and promote the termination of the arrhythmia by collisions,
75
either between rotors or with anatomical obstacles. 
139
Immunohistochemistry and microscopy. In order to quantify the degree of structural heterogeneities 
177
The rotation period of each rotor was measured and the correlation between the fastest rotor and the 178 inverse of the highest dominant frequency was computed for both groups (Fig. 2B) 
182
The increase in the complexity of long term cultures was associated with an electrical remodeling of HL-183 1 cells as assessed by measuring ionic channel gene expressions (Fig. 2C) . RT-PCR analysis showed a 184 significant reduction in the expression of genes CACNA1C, SCN5A and KCND3 which codify for 185 proteins involved in the regulation of L-type calcium channel current (I CaL ), voltage activated sodium 186 channel current (I Na ) and the transient outward potassium channel current (I to ), respectively. In contrast,
187
there was a significant increase in the gene expression of the inward rectifier potassium current, I K1 , (i.e.
188
KCNJ2).
189
The relationship between the structural complexity of HL-1 cell cultures and electrophysiological 
202
As observed in Fig. 3A , there was no clear correlation between the DF and electrical activity complexity.
203
Furthermore, no significant differences in DFs were found between early and late stage groups (i.e. the reduction in the expression of I Na (Fig. 2C) ; the CV had a weak correlation with complexity (i.e. (Fig. 5A ). This reduction in the complexity was not associated with significant 225 modifications to the CV (Fig. 5B) . However, administration of verapamil resulted in a non-uniform 226 decrease of the DF (Fig. 5C) ; the late stage culture group had higher dominant frequencies after drug 227 infusion as compared to the early stage group. With regards to the rotor dynamics, the average 228 meandering of each rotor significantly increased in both early and late stage groups (Fig. 5D ). This 229 increase in the rotor tip movement was associated with a reduction in the rotor curvature in both groups
230
( Fig. 5E ). Those modifications in rotor dynamics increased the area needed for each rotor to be self-
231
sustained and could explain the reduction in the complexity.
IV. DISCUSSION
233
Major findings
234
The main finding of the present study is that atrial HL- 
246
These differences in the electrophysiological mechanisms that govern paroxysmal and chronic AF may 
264
Mechanisms for an Increased Complexity in Remodeled AF
265
In the present study we aimed to elucidate the mechanisms that produce an increase in fibrillation 266 complexity in HL-1 cells during long periods of sustained fibrillation. Since the so called funny current
267
(I f ) is present in HL-1 cells, they can develop spontaneous action potentials. Thus, it could be 268 hypothesized that the increase in the complexity of late stage cultures is related to an increased 269 probability of spontaneous cell activation, resulting in more wavebreaks. However, this study
270
demonstrates that functional reentry, and not spontaneous activations or calcium releases, is the 271 underlying mechanism of the sustained fibrillation in both early and late stage HL-1 cell cultures.
272
The increase in fibrillation complexity in the late stage group was associated with a reduction in tip 
282
Persistent AF is usually characterized by higher DF than paroxysmal AF, both in animals and patients (2, 
313
Limitations
314
The present study was performed by using immortalized murine atrial cells, which are currently the only 
